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Abstract 
Objective: To compare colony forming unit (CFU) of oral bacterial from buccal mucosa and lingual buccal 
tongue among patients with a dental implant and normal oral hygiene individuals without a dental implant. 
Material and Methods: Twenty-six individuals with a dental implant and twenty-six individuals without 
dental implants were included in this study. The samples were sent to the laboratory to culture with Brain 
Heart Infusion Broth (BHI), prepared serial dilution and then spread to the blood agar. CFU was counted 
when a single layer of bacteria is formed on the blood agar at any dilution level. An independent-T test was 
used to compare the means different of CFU oral bacterial between control and test groups from buccal 
mucosa and lingual buccal mucosa, respectively. Results: Buccal mucosa control group (186.19 ± 5.61) and 
test group (186.65 ± 6.24) (p>0.05). The result from the lingual buccal tongue control group (198.38 ± 
6.12) and test group (197.96 ± 6.50) (p>0.05). There was no significant difference between the control 
group and test group CFU bacterial load. Conclusion: The presence of implants in the oral cavity do not 
interfere or worsen the oral condition; nevertheless, the effect of implants surrounding oral flora is similar 
to natural teeth. 
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Introduction 
The implant is known as one of the most acceptable dental treatment today. Dental implants have 
become increasingly popular for the management of tooth loss [1]. Titanium dental implants have been used 
in oral rehabilitation for replacing one or more missing teeth [2]. Dental implants are for the rehabilitation of 
edentulous patients and improve function and esthetics [3]. Along with the popularity of dental implants as 
dental rehabilitation for missing teeth or teeth, there are many studies done that are associated to the 
osseointegration, which mainly represent imaging and RFA (resonance frequency analysis) because of the 
interest in bony stability [4]. 
Failing implants because of loss of supporting bone and soft tissue where the evidence of mobility 
occurred [5]. The implant failed when infection at the gingival margin appears analogous to gingivitis 
implants may have a probable pocket around the implant teeth [6]. However, the information or research on 
peri-implant soft tissue related conditions should not be neglected, particularly related to the microorganism. 
Peri-implantitis was defined as an inflammatory condition involving dental implants, surrounding mucosa and 
bone, which lose supporting bone [7]. The cause of dental implant failure has been associated with surgical 
procedures, anatomic considerations, and bacterial contamination of the implant [8]. Implant failures due to 
peri-implantitis because the existence of diseases on implant surfaces have a significant role in potentially 
affected osseointegration of the implant into the surrounding bone [9]. 
A successful implant treatment depends on the lack of inflammation in peri-implant tissue and the oral 
cavity where the implant's surface could get colonized by microorganisms [10]. The oral cavity is residences 
by various microorganisms or bacteria called normal oral flora; these bacteria are responsible for dental 
diseases such as caries and periodontal or gum disease. About 400 different microbial species are capable of 
colonizing the dentate estimated in the oral cavity and that any individual may harbor over 150 different 
species [5]. The mouth provides an environment for the growth of the microorganisms as compared to any 
other part of the human body [11]. 
The pattern of microorganisms that colonized the oral cavity also varies among the different hosts 
depending on the oral hygiene status, which in normal healthy oral cavity mainly residence by gram-positive 
aerobic whereas the gram-negative and anaerobic are found in poor oral hygiene person. The oral cavity is the 
diverse microbial community found on the tooth surface and salivary origin [12]. The peri-implant infection 
comes from the study on a plaque from the patient's mouth [11]. Therefore, the knowledge on the pattern of 
microorganism colonized oral cavity of dental implant patient is important in warranting the longevity of 
implant treatment by providing the dentist with an evidence-based finding which is beneficial in post-implant 
treatment maintenance. 
In the implant surface, the initial adhesion and the colonization of bacteria are considered to play a key 
role in the pathogenesis of infections related to biomaterials [13]. In natural teeth or healthy oral cavity, 
bacterial is prevented to attach to periodontal tissue where they are limited physically by the gingival mucosa, 
which forms a seal around the neck of the tooth [14]. The other natural protective measures that prevent the 
invasion of the microorganism into periodontal tissue, are intact, attached gingiva and crevicular fluid, known 
as biological width. In the oral cavity, there are bacteria on the tongue, buccal mucosa, tooth-adherent, coronal 
and apical to the gingival margin and saliva [15]. 
Implant longevity depends on multiple factors, including oral cavity health status, which is closely 
related to a load of bacteria colonized, which might harm the oral tissue and implant. Therefore, knowing the 
load of bacteria colonized oral cavity in dental implant patients can improve and optimize the maintenance care 
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and warrant the survival and longevity of the dental implant. This study aimed to determine and compare the 
CFU of oral bacteria in a dental swab from implant patients and normal patients as the control group. 
 
Material and Methods 
Selection of Subjects and Sampling 
A total of 52 patients (26 implant patients and 26 control group) were included in this study. Patients 
who received dental treatment at Klinik Pergigian Pakar Hospital, Universiti Sains Malaysia, were selected as 
the test group for the oral swab. Healthy patients' (patients' do not have the implant in the oral cavity with 
good hygiene) sample also collected as controls for this study. The sampling procedure took 1-3 minutes. 
Program PS: Power and Sample Size Calculation Software was used to calculate the sample size based 
on comparing two means. To detect the difference of 2 (x104) CFU with 95% power and alpha 0.05, we need 26 
subjects in each group. Standard Deviation was set as 2.5 (x104) CFU [16]: n = z x σ / ∆. A total of 52 
subjects were selected (26 subjects with a dental implant and 26 subjects without the dental implant). 
 
Collection of Patient Sample 
Swab sample from patients and control was collected with sterile cotton swab sticks. The swab 
samples from both groups were placed into Stuart transport medium and later transferred to the microbiology 
laboratory. Oral swabs were taken from the lateral border of the tongue and buccal mucosa of the patient's 
mouth [17]. 
 
Bacterial Culture 
Brain Heart Infusion Broth (BHI Broth) 
BHI is the most commonly used medium to culture this type of bacteria. To prepare 500 mL of BHI 
broth, 15 gm of the BHI broth powder was added to 500 mL distilled water. The mixture then mixed 
thoroughly. The BHI broth solution then was aliquot 500 uL into the universal bottle. This bottle was labeled 
and marked with autoclave tape before being autoclaved (Figure 1a). 
 
Mueller-Hilton Agar Preparation 
Five percent sheep blood and nicotinamide adenine dinucleotide be added when susceptibility testing 
is done on Streptococcus species. It is a non-selective, non-differential medium; that means almost all 
organisms plated on here was grow as well as it contains starch that absorbs toxins released from bacteria. 
Thirty-eight gram of the powder in 1 L of purified water was suspended. Mix thoroughly and heat with 
frequent agitation and boil for 1 minute to completely dissolve the powder. Autoclaved at 121°C for 15 minutes 
and cooled the medium to 45-50°C and aseptically add 5% sterile defibrinated sheep blood. Pour cooled 
Mueller Hinton agar into sterile Petri dishes on a level, horizontal surface to give a uniform depth of about 4 
mm (60-70 mL of medium for 150 mm plates and 25-30 mL for 100 mm plates) and cool to room temperature 
(Figure 1b). The prepared medium was checked to ensure the final pH is 7.3 ± 0.1 at 25°C. 
 
Inoculation of Bacterial 
The sample from the buccal mucosa and lateral border of the tongue was taken by gently pressing a 
sterile cotton swab stick onto the palate surface. The sample was placed into the sterile bottle with BHI Broth, 
was incubate 24 hours in an incubator with fixed temperature (37°C). The two normal media was used in 
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bacteriology are a clear soup-like liquid nutrient broth, usually in tubes, and nutrient agar, which is set into 
jelly by the addition of a seaweed extract called agar, and when melted poured into glass or plastic petri dishes 
- also known as plates. Bacterial was introduced to the media (inoculated) by spread technique. Usually, the 
bacteria e.g., from a drop-in, a glass spreader, will be spread on the surface of (ready set) agar. A similar 
technique is used with broth cultures (Figure 1c). 
 
McFarland Test 
Standards were used as turbidity standards in the preparation of suspensions of microorganisms. The 
McFarland 0.5 standards have particular application in the preparation of bacterial inoculate for performing 
antimicrobial susceptibility testing (Figure 1d). 
 
 
Figure 1a. BHI Broth preparation in the universal bottle; 1b. Blood agar preparation in sterile petri 
dishes; 1c. Inoculation of bacteria on the blood agar using spread technic; 1d. McFarland test for 
quality control; 1e. Serial dilution diagram; 1f. Bacterial counted used Acolyte Machine. 
 
Bacterial Dilution 
Bacteria commonly grow up to densities, although the maximum densities vary tremendously 
depending on the species of bacteria and the media they are growing in. Therefore, to get readily countable 
numbers of bacteria to make a wide range of dilutions and assay all of them to have one or two dilutions with 
countable numbers. Ten-fold serial dilutions (Figure 1e) of the bacteria that cover the whole, probably the 
range of concentrations. We then transferred 0.1 mL of each dilution to an agar plate of blood agar and we are 
only spread 0.1 mL. The samples were cultured on blood agar in duplicates. Cultured was incubated for 24 to 
48 hours. 
 
Colony Forming Unit (CFU) Counting 
Only plates (or replicate plates from the same dilution) with 30-300 colonies were counted (Figure 1f). 
 
Statistical Analysis 
The data collected were analyzed using IBM SPSS Statistics software, version 22. All values were 
expressed as mean ± standard error of the mean (SEM) in each graph and in the average and standard 
deviation (SD) in the table. The normal distribution of the data was determined by the Shapiro-Wilk normality 
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test to assure that the data is normally distributed (p>0.05). Levene test results were seen for determining 
homogeneity or uniformity of variance (homogeneous for p>0.05). The data collected were normally 
distributed and an independent-T test was used to compare the means different of CFU oral bacterial between 
control and test groups from buccal mucosa and lingual buccal mucosa, respectively. 
 
Ethical Aspects 
This study was approved by the Ethical Committee of the Hospital Universiti Sains Malaysia 
(USM/JEPeM/14110459), which complies with the Declaration of Helsinki. 
 
Results 
CFU of oral bacteria was measured from buccal mucosa part of both patients with the implant group 
and control group. There was no significant difference between the control group (186.19 ± 5.61) and the test 
group (186.65 ± 6.24; p>0.05) (Figure 2). 
 
 
Figure 2. CFU oral bacterial buccal mucosa for the control group (without implant) and test group 
(with implant). 
 
CFU of oral bacterial was measured from lingual buccal tongue part of both patients with implant 
group and control group. There was no significant difference between the control group (198.38 ± 6.12) and 
the test group (197.96 ± 6.50; p>0.05) (Figure 3). 
 
 
Figure 3. CFU oral bacterial lingual buccal tongue for the control group (without implant) and test 
group (with implant). 
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Discussion 
Bacteria in the oral cavity are often associated with two major oral diseases: caries and periodontal 
diseases. Diseases appear following an in balance in the oral resident macrobiotic, leading to the emergence of 
potentially pathogenic bacteria [18]. 
Several factors may contribute to the increasing or reduction in the number of bacteria colonies inside 
the oral cavity. The factors include the host, him or herself, oral hygiene care, the existing and complexity of 
prosthesis in the oral cavity [19]. The recent demanding and popular dental treatment to replace missing 
teeth implants, for that reason, this study was conducted to compare the number of bacteria colonies in an oral 
cavity of patients with functioning implants with non-implant patients. There are many researches, which have 
similar interest with this study however the findings from this study still relevant as this study was conducted 
among the specific group of subjects with the different way of diet, living style and different expertise of 
professional with the specific clinical protocol [4]. All the patients in this study have good knowledge and 
understanding of implant treatment, which is relatively important to pursue the longevity of the implant [20]. 
The type of implant-abutment connection also plays an essential role in providing a healthy or 
friendly environment to the alveolar crest around the biological width area where the platform shift's design 
will prevent the colonization of bacteria at the bony edge closed to connection micro-gap consistent with that 
mentioned previously [21]. All the implant patients in this study were selected from the patient's record list, 
Hospital USM, which Dentium implant with platform shift design, was used. The measuring of bacteria 
colonies used in this study as an indicator to represent the status of the oral cavity with the CFU measurement 
as conducted by previous studies [22]. 
The increase in the CFU reading highlighted more colonies of bacteria, whereas the reduction in the 
CFU reading will represent less bacterial colony as described by other authors [23]. More the colony of 
bacteria or increase in CFU reading will represent worse oral hygiene as general perception; however, 
knowing the specific type of bacteria colonies are more significant as compared to a number of colonies present 
as supported by previous researchers [24]. 
The difference in oral hygiene status or condition is partly affected by the prosthesis's presence as the 
superstructure for the implant inside the oral cavity. The rougher surface of the prosthesis will retain more 
plaque whereas the smoother surface is more favorable for cleaning. The plaque that formed is embedded with 
bacteria colonies and allows more colonization of bacteria if the accumulation of plaque is failed to cease away 
by means of oral hygiene care. 
In this study, the CFU reading for both implant and non-implant has no significant difference in a 
number of bacteria colonies. This means that the effect of existing superstructures attached to implant fixtures 
on bacteria colonies is similar to the presence of teeth in the normal control group. The CFU readings were 
taken from two sites, which were buccal mucosa and lingual buccal tongue showed no significant difference as 
compared to non-implant group. These results or findings supported by another article that postulated 
implant-supported crown are the most accepted treatment in modern dentistry, which are similar to natural 
teeth in many aspects, such as functions, comfort, and maintenance [25]. 
The other consideration should be given to the specific colonies of bacteria occupying the oral cavity 
in these two groups, as the research revealed that the type of bacteria colonies depends on oral hygiene and 
condition [23]. Although many articles revealed that the type of colonies that are changed; however there are 
other articles mentioned that both type and amount of colonies are affected and enhance by the increase in 
plaque accumulation [23,26-28]. In this study, all the subjects have individually fixed prosthesis to implant 
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fixtures which warrant almost similar maintenance to normal natural teeth which consistent with which 
mentioned that oral hygiene maintenance/care highly depends on the complexity of the prosthesis, more 
complex the prosthesis requires more attention and care [1]. 
The other study published CFU reading for normal subjects without any implant inside oral cavity 
more or less similar to this study although they were from different ethnic groups [28]. The possibility of 
error in counting the colony growths in agar plate could occur, especially if the growths appear to be 
multilayers; however, in this study, bacterial dilutions, up to five times, were conducted to overcome this 
problem as suggested previously [24]. 
The assumption on the number of the bacterial colony with CFU/mL using acolyte machine is more 
useful determination in this study as compared to individual bacteria counting under the microscope because of 
the possibility of the presence of dead cells, which could result with the false result [29]. 
The result of this study showed statistically not significant in both areas of a swab taken, however in 
terms of CFU readings, the CFU reading from buccal mucosa of implant patients is lower than CFU reading 
from same sites of a normal individual which indicated that surface of a prosthesis supported implant and 
implant-abutment connection is in favor for the colonization of bacteria plaque as compared to normal tooth 
surface at cervical region [30]. The difference in CFU reading is more noticeable in a swab taken from buccal-
lingual tongue because the direct effect of saliva, which excreted from wanton's duct opening, acted as a 
cleansing mechanism to the buccal area is not favored to the lingual buccal tongue area [31]. 
 
Conclusion 
There was no significant difference in bacterial load between implant patients and non- implant 
patients, which suggested that the presence of implants in oral cavity does not interfere or worsen the oral 
condition nevertheless, the effect of implants on surrounding oral flora is similar to natural teeth. However, the 
CFU reading of lingual buccal tongue was higher in non-implant patients than in implant patients, indicating 
that the implants are less susceptible to the plaque attachment. In contrast, CFU reading for buccal mucosa for 
both groups is similar because of the direct cleansing mechanism by saliva excreted from the parotid gland. 
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